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Background: Surgical hand rub and healthy skin are basic requirements to prevent surgical site infections. Nevertheless,
there is little knowledge about the current practice of skin protection and/or skin care products (SP/SC) using among
surgeons as well as a lack of data pertaining to the influence of SP/SC on the antimicrobial efficacy of surgical hand rub.
Methods: A 10 weeks-survey among German surgeons as well as an experimental crossover study involving 26
participants were conducted. The immediate and sustainable efficacy (IE/SE) of surgical hand rub and participants’ hand
moisture were measured after an 8-day usage of SP/SC, as well as the influence on micro-perforations on surgical gloves.
Results: The questionnaire was available to 16,000 German surgeons. Thereof, 1,771 surgeons accessed the questionnaire,
representing a total participation rate of 11%. As 19% (n = 338) of questionnaires were incomplete, a total of 1,433
completed questionnaires were available for further analysis. More than 75% of the participants stated not to use any
SP/SC, yet, almost 50% suffered from skin irritation or discomfort. Only 5% used SP/SC at the beginning of their shift.
10% refused to use SP/SC because of concerns that SP/SC may reduce the antimicrobial efficacy of surgical hand rub.
After usage of SP/SC over 8-days, skin moisture was significantly higher (P < 0.001), whereas no significant influence on
the antimicrobial efficacy of surgical hand rub was observed (IE: P = 0.135; SP: P = 0.681). Micro-perforations were
detected in 8/52 surgical gloves (15%), with no statistical significant difference between SP/SC users (n = 2/26; 8%)
and non-users (n = 6/26; 23%; P = 0.249).
Conclusions: Following the results of this largest questionnaire base survey among German surgeons on skin care,
there is a need to educate and inform surgeons on the correct application and the concept of SP/SC strategies. In
the present study, the combination of selected SP/SC products and one alcohol-based hand rub formulation did
not show a negative interaction with surgical hand rub or surgical glove perforation. However, it is advisable to
ascertain the compatibility of SP/SC products with the used hand disinfectant prior to purchase.
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The skin of hands is exposed to a number of physical
and chemical substances during hand washing, routine
hand disinfection and wearing of gloves, which may
reduce the natural protective mechanisms of the skin
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reproduction in any medium, provided the orhygiene, since open wounds and damaged skin may
impair disinfection [6]. The efficacy of skin protection
and/or skin care products (SP/SC) has been demonstrated
in various studies and is therefore recommended for daily
use [7-10]. Skin protection (SP) creams shall be used at
the beginning of the shift and typically a second time after
the lunch break to avoid chemical substances to irritate
and penetrate the skin [11]. During the working day and
at the end the usage of skin care (SC) products supportl Ltd. This is an Open Access article distributed under the terms of the Creative
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application of effective products preserves unimpaired
skin, reduces the incidence of skin irritations and dryness
and ensures effective hand hygiene [12]. However, there
are concerns that SP or SC products may interfere
with alcohol-based hand rub formulations, and hence,
reduce the efficacy of hand disinfection before surgical
procedures [13].
In a previously published prospective questionnaire
based survey [14] it was demonstrated that the know-
ledge on this topic among medical and surgical nurses in
a German university medical center was insufficient,
leading to wrong behavior at work and inadequate use of
SP and SC products. Surprisingly, there is a lack of data
pertaining the usage of SP/SC products in the daily clinical
routine of practicing surgeons. Little is known if surgeons
may exclude the usage of SP/SC products because of
concerns of a potential negative influence on the efficacy
of hand disinfection prior to surgery. Therefore, the
objective of this study was to evaluate the frequency
and modality of usage of SP/SC products among surgeons
and to investigate the efficacy of hand disinfection under
regularly application of SP/SC usage in a longitudinal
experimental setting.
Methods
To evaluate the usage of SP/SC by surgical staff in the
daily clinical routine a questionnaire containing nine short
questions was designed. Three questions aimed at the
person: (1) gender, (2) age, (3) and profession (surgeon/
operative technical assistant/nurse). The following 6
questions addressed SP/SC practices and possible skin
irritations. Specifically the following was asked:
(4) Is the difference between SP and SC known to you?
(5) Do you start at the beginning of your shift with SP
cream, SC cream, or none of both?
(6) How many times daily do you use SP/SC: never, 1-2
times, 3-4 times, >4 times, other (how often?)
(7) Do you use SP/SC (multiple answers are allowed):
before every surgical hand disinfection, after hand
washing/after operation, 1x in the morning or
evening, irregularly after hand washing or surgical
hand disinfection, when hands feel rough and dry,
only if I have spare time, or not at all?
(8) If you do not use any SP/SC, please indicate why
(multiple answers are allowed): time wasting
overhead, stress, uncomfortable feeling of the hands
after application of SP/SC, unpleasant smell of SP/
SC, no SP/SC are available at the workplace, doubt
regarding the efficacy of surgical hand disinfection,
doubt regarding the efficacy of SP/SC?
(9) Do you suffer from skin irritation (multiple answers
are allowed): not any skin irritations, pruritus of thehands, reddening/rubor of the hands, rough and/or
dry feeling of the hands, contact dermatitis, finger
nail fissures or splittering, other reason.
The Professional Board of German Surgeons (PBGS)
sent the digitally created questionnaire via email to all sur-
gical departments in Germany to reach all of the 16,000
registered surgeons. Replying the answers was possible
through the website of the PBGS. Only questionnaires
returned within 10 weeks after submission were included
into the further analysis.
Experimental study and ethical statement
Additionally to the questionnaire-based survey, a prospect-
ive experimental study involving healthy adult participants
was conducted. Inclusion and exclusion criteria, random-
ization, SP/SC, and the parameters to identify benefits or
negative influences in the treatment group were defined in
a written study protocol approved by the ethics committee
of the University of Greifswald according to the Helsinki
Declaration (ethic committee votum no. BB18/12). Written
informed consent for participation in the study was ob-
tained from all participants.
Twenty-six participants without any visible or diagnosed
skin irritations were randomly assigned to one of two study
arms, consisting of 13 participants each. Group A started
8 days before the experimental day (ED) 1 and used SP
cream (TwinProtect, Precutan®, Evonik Stockhausen
GmbH, Krefeld, Germany) and SC products (Cream
Sensitive, Precutan®, Evonik Stockhausen GmbH, Krefeld,
Germany) three times daily. The participants were ins-
tructed to assure the compliance with the recommended
order in which the products should be used. The simul-
taneous usage of other skin products was not allowed.
Participants in group A used SP cream one hour before
surgical hand rub.
Group B did not use any SP/SC products. At ED 1, the
efficacy of surgical hand rub using an alcohol-based hand
rub (Sterillium®, Bode Chemie GmbH, Hamburg, Germany)
was determined for all participants in both study arms.
According to the crossover design, the following day
group B started to apply SP/SC three times daily for
eight days, while group A had to wait for a minimum of
8 days before the cross-over experiment without SC/SP
products was performed. This measure allowed dimin-
ishing of the previous SC/SP product application. At ED
2, the efficacy of surgical hand rub again was determined
for all participants in both study arms (Figure 1).
At each ED, the skin moisture at three standardized
measure points at the back of both hands was measured
using a calibrated corneometer (Corneometer®, Courage +
Khazaka electronic GmbH, Köln, Germany). These mea-
surements resulted in relative values ranging from 0
to 120. The corneometer values were interpreted as
Figure 1 SP/SC: Skin Protection and/or Skin Care products; ED: Experimental Day.
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moisture skin [15].
In order to standardize surgical hand rub each volunteer
received 5 ml of alcohol-based hand rub into both dry
palms and rubbed them sufficiently over 90 seconds. First,
the forearms were rubbed for 5 seconds. During the next
80 seconds the hands were disinfected following to the
European Norm EN 12791 for testing surgical hand
disinfection [16]. To measure the efficacy of hand rub
the immediate effect (IE) was determined by rubbing
the fingertips in a Casein-pepton-Soja-pepton solution
(CSL) and transferring a dilution on a Casein-pepton-Soja-
pepton agar plate (CSA). A validated neutralizing agent, a
mixture of 3% Tween 80 (Merck; Germany), 3% saponin
(Riedel-deHaen; Germany), 0.1% histidine hydrochloride
(Merck; Germany) and 0.1% cysteine (Merck; Germany)
was included into the sampling fluid, but not in the count-
ing plates. During the following three hours sterile
surgical gloves were worn (Gammex®, Ansell Health-
care, Melbourne, Australia). Thereafter, the same sampling
method was used to determine the 3-hour sustained effect
(SE) of hand rub.
Additionally, the frequency of surgical glove micro-
perforation was measured following to the European
Norm EN 455-1 [17], including assessment of individual
glove fingers. One pair of surgical glove was collected
from each participant once immediately after wearing
gloves during a period of 3-hours in a laboratory. A total of
52 surgical gloves were available to be tested for possible
micro-perforations. While the EN 12791 requires wearing
sterile surgical gloves under rest conditions over a period
of 3-hours without mechanical stress in order to protect
participants’ hands form exogenous contamination, wemodified the method such that participants were allowed
to continue usual office and laboratory work. The reason
for this modification was to test possible glove perforation
during mechanical stress, which always exists during any
surgical procedure. Although the mechanical stress during
office and laboratory work does not simulate exactly the
forces, which are found during surgical procedures, this
measure may yield more realistic results than observing
glove perforation after complete rest position.
Statistical analysis
Statistical analysis and plots were performed using Prism
5 (GraphPad Software, Inc.). Data were presented as
median with 1st and 3rd quartile, if not indicated otherwise.
Fisher’s exact test was applied for categorical variables.
A Wilcoxon rank-sum test or Kruskal-Wallis test, as
indicated, was used for quantitative data. A statistically
significant difference was assumed when P was less
than or equal to 5% (P ≤ 0.05).
Results
The questionnaire was available to all 16,000 surgeons
currently listed with the PBGS in Germany. Thereof,
1,771 surgeons accessed the questionnaire and submit-
ted their replies. Hence, the total participation rate was
11%, which represents a large proportion of German
surgeons. As 19% (n = 338) of questionnaires were in-
complete, a total of 1,433 completed questionnaires were
available for further analysis.
The majority of respondents were practicing surgeons
(98%, n = 1,405). More than three quarters of participants
were male (77%, n = 1,108), and most of them were 41-50
years old (41%, n = 588). 38% (n = 537) of respondents
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14% (n = 196) stated having broken finger nails or fissures,
12% (n = 178) pruritus, and 10% (n = 145) rubor of the
hands. Half of the respondents (49%, n = 702) stated not
to suffer from any skin irritation.
More than half of the respondents (57%, n = 817) stated
to know the differences between SP and SC products.
However, at the beginning of the day 78% (n = 1,115) do
not apply SP/CP at all, 14% (n = 197) used SC products,
and 5% (n = 75) SP cream. During the complete work-
ing shift, 47% (n = 681) never use SP/SC routinely, 40%
(n = 571) once to twice daily, and 9% (n = 132) three or
more times. Mostly, SP/SC are only used when the
hands feel rough and dry (36%, n = 515), at the beginning
or at the end of the shift (22%, n = 312), and randomly
during the day (21%, n = 296), respectively.
SP/CP is not used for several reasons: 27.6% (n = 396)
disliked the hand feeling or smell, 23.9% (n = 343) indi-
cated stress at their working places as the main reason
and even 10.2% (n = 146) had concerns that SP/SC may
impair the efficacy of surgical hand rub.
Experimental study
In both study arms, the measured skin moisture was
significantly higher after SP/SC (group A: 43.2 ± 11.83
vs. group B: 34.5 ± 11.83; P = 0.0006), Table 1. Moist condi-
tion of hands improved from “very dry” to “dry”, however,
in total not reaching a “well moisture” condition.
Without using any SP/SC products, the immediate (IE)
and sustained (SE) bacterial reduction factors (log10)
were 2.8 ± 1.49 (IE) and 1.57 ± 2.4 (SE), respectively.
After application of SP/SC during 8 consecutive days,
the bacterial reduction factors (log10) were 1.98 ± 1.83
(IE) and 1.84 ± 1.41 (SE), respectively. The application
of SP/SC product had no significant influence on the
efficacy of hand disinfection (IE: P = 0.135; SE: P = 0.681).
Detailed results are summarized in Table 2.
In total, micro-perforation was detected in 8/52 surgi-
cal gloves (15%) of which 6 occurred in participants not
using SP/SC products during 8 consecutive days before
surgical hand rub, and 2 in participants using SP/SC
products. Although trend-wise the frequency of micro-
glove perforation was higher in participants without usage
of SP/SC products, the difference in micro-perforation
within the SP/SC group (2/26, 7.7%) and non-SP/SC
group (6/26, 23.1%) was statistically not significant
(P = 0.249, two-tailed Fisher’s exact test).Table 1 Relative hand moisture with/ without SP/SC usage
Skin moisture Min. Max. Volunteers
Without SP/SC 21.67 51.00 26
With SP/SC 29.17 106.50 26
Corneometer® relative values: < 35 very dry, 35-50 dry and > 50 sufficiently wet; SP
Wilcoxson rank-sum test or Kruskal-Wallis test, as appropriated).Discussion
To our knowledge, this survey is the largest ever performed
on practices of skin care or skin protection practices among
surgeons. However, one of the limitations of the results
may be that particularly surgeons with personal interest in
hand hygiene or those with chronic or intermitted skin
disorders may have responded. This may have introduced
a participation bias, distorting results towards higher
knowledge on SP/SC application or higher proportions in
reported skin affections. Indeed, about half of the respond-
ent stated not having any form of skin irritation, and more
than half stated to know the difference between SP and
SC products. Even if a participation bias may be present
in the collected data, the fact that chief criteria such as
self-reported knowledge and skin condition are distributed
evenly among a large proportion of German surgeons
allows drawing meaningful conclusions.
While it is difficult to state that surgeons reporting
having knowledge on SP and SC, the opposite may cer-
tainly be assumed. In fact, some 40% of the responding
surgical staff did not know the difference between SP
and SC products. This may result in incorrect usage.
Furthermore, among the 57% of the respondents stating
to be familiar with SP/SC products, only 5% used SP cream
in the morning, as recommended by the manufacturers.
Consequently, training and educational programs still seem
to be necessary to explain the importance of SP products
among surgical professionals [8,10]. This is underlined by
the response of 36% of the respondents stating to use SP/
SC when the hands already feel rough and dry. On one
side, this may indicate that existing skin irritations mark-
edly increase the willingness to use SP/SC products; on the
other side, the strength of SP products is to prevent skin
affections in the first place, and hence, their usage after
manifested skin conditions is only the second best strategy.
One factor, which may inhibit the primary usage of SP
products, is their smell, as 35% of respondents disliked
the smell and the feeling on hands after SP product
usage. Improved SP formulations may increase the pri-
mary usage of SP products before skin irritations may
develop. Most likely, easily absorbing, odorless, and
perfume-free products should be preferred.
Some 10% of respondents stated that they have concerns
that previous use of SP/SC products may negatively
affect the efficacy of surgical hand rub. Indeed, this view
sometimes is also shared in hand hygiene or surgical site
infection prevention sessions during surgical conferences.(n) 1st Quartile Median 3rd Quartile
29.17 34.50 41.00
35.84 43.17 47.67
/SC: Skin Protection and/ or Skin Care products; P=0.0006 (Fisher’s exact test,
Table 2 IE/ SE log10 cfu count after hand rub with/ without SP/SC usage
Min. Max. Volunteers (n) 1st Quartile Median 3rd Quartile
IE without SP/SC 0.52 5.25 26 1.74 2.80 3.23
IE with SP/SC -0.54 4.75 26 1.41 1.98 3.24
SE without SP/SC -0.06 4.69 26 0.73 1.57 3.13
SE with SP/SC -0.04 5.28 26 1.26 1.84 2.67
IE: Immediate Effect; SE: Sustained Effect; SP/SC: Skin Protection and/ or Skin Care products; IE: P=0.137; SE: P=0.681 (Fisher’s exact test, Wilcoxson rank-sum test or
Kruskal-Wallis test, as appropriated).
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or reject this view. Therefore, we conducted an experi-
mental crossover study among practicing surgeons. For
the intervention arm, we chose highly absorbing, odorless,
and perfume-free SP/SC products to exclude possible
influences of added ingredients. Furthermore, a SC cream
with a low urea concentration was selected in order to
increase skin permeability [18] and to avoid increased
absorption of the alcohol during surgical hand disinfec-
tion [19,20]. The alcohol-based hand rub Sterillium®
was selected as it is the product with the highest market
share in Germany and therefore may be representative best
for many surgical departments. Following the European
Norm EN 12791 and in order to avoid contaminating of
hands during a 3-hour period, all participants wore
identical sterile surgical gloves of a premium brand with
an AQL of 0.065. Finally, to control for a number of
influencing factors, all experiments were conducted
during the same season and daytime, excluding partici-
pants with visible skin damage to avoid insufficient
hand disinfection [21].
The results of this study did not show any significant
differences for the efficacy of surgical hand disinfection,
regardless of usage of SP/SC products. These results are
in line with a previous study investigating the possible
influence of SP cream on hand disinfection among nurses
in medical and surgical intensive care [14]. However, some
older in-vitro studies showed decreased antimicrobial
efficacy of hand disinfection when SP/SC products were
used [22-24]. Based on these studies the Association of
Professionals in Infection Control and Epidemiology (APIC)
recommended ascertaining the compatibility of SP/SC
products with the used hand disinfectant [25] prior to
purchase. While reasonable, it has to be noted that these
almost 20-30 year old studies had investigated the influ-
ence on liquid antimicrobial hand wash soaps containing
chlorhexidine gluconate. In large parts of Europe, how-
ever, traditionally alcohol-based hand rubs are used, with
or without chlorhexidine gluconate content. Therefore, it
remains difficult to draw general conclusions from one
study or series of studies exploring different products and
formulations, and the APIC Guideline Committee’s recom-
mendations to ascertain the products’ compatibility still
shall be followed. Regretfully, for the majoritiy of SP, SC,and hand rub products such information is not available,
as the possible effects were not tested or not published.
Our study clearly demonstrated that after regular use of
SP/SC products over a period of one week, skin moisture
significantly increased. However, based on the corneome-
try measurements the skin of hands still was “dry” and did
not reach a well moisture condition, which is indicated by
corneometry measurements above 40 points. Further-
more, this relative improvement was reached only without
regular surgical hand preparation, including hand washing
with liquid soap, which may further dehydrate the skin
of [26,27]. In this context, it is important to note that
the skin of participants’ hands were “dry” (corneometry
measures [15] ranging between 30 - 40 points) with a
median of 34.5 points. Hence, if hands are dry and not
cared for, it may not be expected that a well moisture
state will be achieved within one week, but it requires
longer usage of SP/SC products to improve the condition
of the affected skin.
An interesting side finding of our experimental study
was that a higher proportion of micro-perforations was
detected in participants that did not use SP/SC products
prior to surgical hand disinfection. Although the differ-
ence in micro-perforation between those using SP/SC
products (7.7%) 8 days prior to glove wear and those,
which did not use SP/SC products (23.1%) was statistically
not different – which may be the result of a possible beta
error due to small observation numbers – an overall glove
micro-perforation rate of 15% may seem to be surprising.
The observed grove perforation rate in our present study
was almost 15x times higher than what may have been
expected at rest conditions [28]. As our experimental
study was designed as a crossover study with 26 partici-
pants included to test both conditions, with and without
prior use of SP/SC products under identical conditions,
neither the selected SP/SC products, the alcohol-based
hand rub or the type of surgical gloves, which were of
premium quality with a lower than average AQL of 0.065
as compared to some other surgical gloves with lower
quality, may serve as sole and conclusive explanation for
the observed difference.
One factor remaining as possible explanation for the
difference in glove perforation is the improved skin con-
dition of participants during wearing of gloves. Indeed,
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rate in participants which had used SP/SC products one
week prior to the surgical hand disinfection and wear of
gloves over a 3-hour period at rest was 7.7%, while in
participants without use of SP/SC products, the perfor-
ation rate was 23.1%. Since concurrently with the usage
of SP/SC products the moisture condition of the skin of
hands significantly improved, it may be speculated that
dry hands and cracks in skin may lead to increased
micro-perforation of surgical gloves, even at rest. Although
our study yields data that may support this view, this study
was not designed to study in detail the correlation of
dry skin and glove perforation rates. However, this aspect
may warrant further studies in the operation theatre.
Conclusions
Following the results of the largest questionnaire base
survey among German surgeons on skin care, there is a
need to educate and inform surgeons on the correct
application and the concept of SP/SC strategies. Any
doubts raised by surgeons regarding the possibility of
interaction of SP/SC products with the efficacy of surgical
hand disinfection should be taken seriously. In the present
study, the combination of selected SP/SC products and
one alcohol-based hand rub formulation did not show a
negative interaction. However, it is advisable to ascertain
the compatibility of SP/SC products with the used hand
disinfectant prior to purchase.
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